(12)4$ iM& * \z&-3 i\x am * titz m&mm 



(43) Slg^MB 
2001 *£10 £ 11 B (11.10.2001) 




PCT 



(10) BIRftMH- 
WO 01/75463 Al 



(si) mteftftftm 7 : 

(21) mtsmmm^i 

(22) gfSftSB; 

(25) SfStaffiO>SS: 

(26) SBg^UKDWS: 



PCT/JP01/02910 
2001 ^4fl4B (04.04.2001) 



G01R 31/28 (72) fccfctf 

(75) 5§^#/tiijBA r*Sl^^t^r (D^;: ^ffl?t» 

(ISHIDA, Masahiro) [JP/JP]. UU P ft & (YAMAGUCHI, 
Takahiro) [JP/JP]. ffi*»5t (HASHIMOTO, Yoshihiro) 
[JP/JP]; t 179-0071 E/fiBTl T S 32#1^- 

ttxC^tt 7 KA*>fX h ft Tokyo (JP). 



(74) ftiA: SI*BJ^(RYUKA,Aldhiro); T 160-0022 KS: 
SgrSESSSlT @ 24*12-^ 3Kf§ fcf ;U6B Tokyo (JP). 

(81) ft^S (SPfy: DE, KR, US. 



(30) ffifc*^?-*: 

*#^2000-101867 2000 $4fl4 5 (04.04.2000) JP 2tt4*|R« J& 

(7i) ffl«Ar*B*l»<*ra>»«Hi=o^-c;:*k*d 

« 7 K/OtX h (ADVANTEST CORPORATION) 2 X*=l- Kfttf*G>*»l=Olvci* % 3E»3fSfT£*l£ 

[JP/JP]; T179-0071 XK1MJREttn'lTg32«l5- &PCTiSlly hO«W=»«**lTl** fa — K&KH 



Tokyo (JP). 



(54) Title: METHOD FOR ANALYZING FAILURE OF SEMICONDUCTOR INTEGRATED CIRCUIT AND FAILURE 

(54) *W<D«»: **«««BKOttK««f«ft&tirttK*«ftta 

ttrngmnioo 



101 



(DOT) 



103 



104 




-102 



105 



O 



100. . - FAILURE ANALYSIS APPARATUS 

101... TEST PATTERN SEQUENCE INPUT DEVICE 

A... CIRCUIT UNDER TEST (DUT) 

102. . -TRANSITION POWER SUPPLY CURRENT TEST INSTRUMENT 
103 . . -ABNORMAL PATTERN SEQUENCE STORAGE DEVICE 
104... NORMAL PATTERN SEQUENCE STORAGE DEVICE 

105 FAILURE PART LIST CREATING DEVICE 

106 FAILURE PART INFERRING DEVICE 



(57) Abstract: A method and apparatus for analyzing a failure of a semiconductor integrated circuit with greatly improved reliability. 
An analysis portion where the potential is varied with a change of test patterns of a test pattern sequence is related with the test pattern 
sequence when the test pattern sequence is supplied to a semiconductor integrated circuit and the related analysis portion is stored. 
The transition power supply current generated in the semiconductor integrated circuit because of a change of the test patterns is 
measured and judged to be abnormal or normal. Based on the test pattern sequence judged that the transition power supply current 
is abnormal and the analysis portion stored and related to the test pattern sequence, the failure part of the semiconductor integrated 
circuit is inferred. 



WO 01/75463 Al I Bill MIIII1 fl mill IIIH lil 1 1I 111 lllll Will ■«!! Illll HII llllin III! Ml Bil 



(57) 



WO 01/75463 



PCT/JPOl/02910 



&m 2000-101867 ttjJBf 0 1 2^4^40 

@4&flF<&HU 5 4 2 3/9 3 #^$|fc:|B*i£;ft,TV^ 0 ^ 5; a 

1 2 8/9 8^«fcllB*£jh,T^5 0 ^B^^V^^#:A«[lIS&(Di^^tff 



WO 01/75463 



PCT/JPOl/02910 



AM 7 4 9 1 1/9 3^<k$&i-fE*c£*bW5 0 

m ei s§ ^ \z. -gem & fa u n# tc , we. <d a ^ w * — v ^ m -r s ta^sr?-^ 

iifiT, (fault dictionary) £ mttl Z> &fafe1&m- £ AtB^f&Sfifi^ 

tfebMo i©iSfel*^$ a i/— > 3 >^.££i&l^#T#i£^ ^ 

ffi^i -T § «-J§-as3BflMfi £ o X ^ fc t # s «t ©4tt*lfe¥*#lfcBflBlB& © Affi tl 
46 (d^ IDDQ (fi-itft$im^ quiescent power supply current) l&^lfe k %C 

15 *ltv>5 0 I DDQ»t*«feSr#ffibfciSfi:l*#*f«fetc-ov>-CW:. ^d^fiB^S 
#?F<k§fi2 0 1 4 8 6/9 6^^^1B«$tb-CV^ 0 

1 ) m@3fe*tt«lSfeP»,V^*>^>5^— tf>$f51i&l^(Stuck-At-0 Stuck-At-1) 
CfcttifFfci^irii^iSf-fc^ f&3Si&l^ (*f»#M0 EM*©i5fe«N « 



2 



WO 01/75463 



PCT/JPOl/02910 



#lte'7xi'*xs< l 7*—? (V— hfigt % KftflWfc (/^^ MJy^ 



WO 01/75463 



PCT/JPOl/02910 



bV\, 

10 &ft zmmnmnwiomtifmK mfe<Dm&m%.it t % ^m^mmmmm^m 



4 



WO 01/75463 



PCT/JPOl/02910 



20 m#mm\Eim^t-ti.mm£iritcy'x h^^—^<Dmt^m\^xm^^t^ 
t^Tx b^^—^(DmtKi^zx^m^mm]B\^K^^x^^i-^mmmmm 

25 kMj&^ftxfemistifrMtirffimzm^x^ mmMVrmmz&rt %&mnwf% 



5 



WO 01/75463 



PCT/JPOl/02910 



t.Tx h<*fi— >-<Dmt\z}&vx*mftMmmm^&^xm£ir%mmmMm 
^ hs**—^<Dmbtzfotx¥mftMmmmfc&^^x&^zmmm,mm 



6 



WO 01/75463 



PCT/JPOl/02910 



5 m t -r % &mM$fmm % mm-r % „ 

BlaSCMOS^ ^ ©A^ftJE Vm ©&H#3£fb £ *-©tttf7*JBE Vour 

10 BlbttHla (e:^L^A^*JEViN <&feii#&teK:#-t-5 I dd 

<d (o — m % m ~e h s o 
m i c ^©cmo s-r ^laKt t±j^©irt>_has Diw^tist 

15 MaESr^-t-H-CfcSo 

mjEVour^ ««««Els©eae#ttSr^i-Blt?*>5 0 

i2bM2a tc^uytiiai«aE©ja^ijft^sr^-t"BiT?a)So 

El 3 a JiCMO SlfeaillKO^ISr^i-lBllSBI-CfcSo 

20 m 3 b i-zm 3 a (ommmm^-r^ a^jee, mtsmm(omt(Dm^-^-rm 

1214 a «a, v^&mtt*mfcmmmmzMirzmM&mpt^m(D 
25 s*jms^^^^-rmT*fe^ 0 

0 4b »BI 4 a ^ bfcHIji&OA^mjE Vin 5 ffi^mffiVouT <£>il$i 



7 



WO 01/75463 



PCT/JPOl/02910 



hi 5 ai^m^^^EC^m-^^m^^M^Tjk-tmx^^o 
his c temm&^&±v&m^m<DmBttM&7Fi-mx*&z> 0 

m 6 b ^^m^«^^fe^sHi^^-t-^^^iiiT'iii 6 a (DAmtin 

h 8 ^cmo # (DXfim&^mfctt^ %MmmMn$i<D^ftw:<D 

15 3g^«r^"t-E-C*>5o 

HI 9 a (tCMOS^f *(DA*fc*»te#&i~5#'J^— ^^fclfc©* 

20 HI 9 c«lfilB#/h^— ^^Pll^fe6#^^Bfil5^[/h^— :7V*teSfe©re-fr 
il OfiCMOS HI % F*3 l£ #^E"T 5 Ifc/h:*— ^ Pfe <D&$ML R open (-^ 
HIl 1 tiCMO SSJI^o-fe^Otfbof fcf tSCMO Sii@KOi8S 



8 



WO 01/75463 PCT/JPOl/02910 

Hll 3HCMO S*KtHIKottK»^^±K:lR/h^— ^^R&^~#"&'4"5 £ 

<Ds<xmmwm t Pd ©w©i»^s:^-t-HT?fe5 0 ' 

5 HI 1 5 flHI 1 4 te^LfctfctfcRCMO SHaigi&tC^i-SSfcll*^ ^ U—is 

Ell 7S0 1 6 M^bfc^f$^CMO SllSHlI^^^-fSSiJO*!*^^ a. 1/ 
10 0181101 4^^bfcHI^^*f-r§jf^^^^Oi^|$y ^ h<£>#!I£ 

^•rm-efeSo 
^-rm-r?&5 0 

15 @2iij:i2o ^oifi^mism^Mi o 2 oatMf^-^isr^-r^n 

:x^0-e&3 o 
:/p 5/^0-efcSo 

m 2 3 «m 2 i *<DT&mnmnm&i&m%:&2 o 2 omtg^om^^d^^ 

20 -tzfn yfm-V&Zo 

m 2 5 *im 2 0 *p<Dmmmmmffim,m$s 102 ©ait^offi©MS:*t7 f 
25 m 2 6 nm 2 5 ifi0ffi&tt%tt%ifti$iKa!i£$6 0 2 © m*™ 
m 2 7 jim 2 5 4)0&ttmftm%ifti$tt$!i£gi 6 0 2 oang^^flto-wsr 



9 



WO 01/75463 PCT/JP01/02910 

* i_ _ __ _ 

@3o«@29 ^^i^m^m^^M^ 1002 (DmnMi&<z>-w& 
in 3 i fsm 2 9 *©ia«««*^«*Mit8!ij£* 1002 ©t»tB#^©ffi©^i 

15 IH 3 5 14 El 2 0 tt»oiSfeI*iaFf4t^«l 0 6 <DmMWl&<D— m Sr^i"^n y ^ 
ig-Cfc5o 

<£> — 09 £r ^ n — f- -Y — h "C 5 0 

in 3 7 nm 2 o4»©'sfe»iK@f*i3t*i o 6<D^tg«^omo^!isr^-r^t3 v 
20 ^m-efeSo 

HI 3 8 ^4^P^<z>^l^^^T*^^v^fen^l^l$Mm^i^^^^o ; 3ffi^)lE 

HI 3 9&HI2 0*<Z>i5fcl*ttj3r*£5£»l 0 6(7)*»IB#^©* b^©-WSr**t- 
25 HI 4 Ofrt^PJ^^^W^&T'^^V^btV^^^M^^^^a^Jllfi 



10 



WO 01/75463 PCT/JP01/02910 



£*Ts mm&0:mvT*mw<DmM<DKm<D—w$:m.m-fz> o both 
— ®:&)te¥^&M$Mm&-vfo% cmo siiniK^Mi: i-T^mwomm&m 

m 1 CMO S -1- >v^— ? (01c d ) <Dmmjfc& (transient response; 

s -r * ^jflEtbiitf i dd o^^^^^-etb^i- 0 ^ 1 DD %mm 

W>M (transient current) £fl?*£ 0 s( y^-^©A^ INiS "l" "o" (Jl 

3S^"T5i# (HIl c) . A^mfftfSn-MOS^L^mffiJ; ^i^< P-MO 
SOLtV^ffJ: •PfSV^&V^ n -MO Sip -MO S i^—mtt\^m^\^^ 
t & 19 , m2M^ TvD^fc^yyKGND (short circuit current) 

iz.m&~tz>tc#>, ins i s £ mm^ ^^/<—?<Dmjjm-%-Mfcmm£titc 

^dk&lk (parasitic capacitance) Cioad-^tf^flt (capacitance charging) 

i/s<—<? iz^tb^t^mmmm 1 G f t±, mmmm 1 S f £ ^mm^t (capacitance 

charging current) I c <£>ftH?fofc:£. 

I Gf = I Sf+ I c ( 1 ) 

— & % A^j i n^s "0" a»e> "1" fci^tsit (m^^ «!» 3^ «o" 



11 



WO 01/75463 



PCT/JP01/02910 



Km&-rsk& "r" x*mm-r%) mi a) ) > ^m-^^mm^ti 

fd^^^4Cioad (capacitance discharging) tf* *5 £. 19 , '^M^;^ 

(capacitance discharging current) Id flCH^ra^ T vd £> W 

toiAipm?5f£ i Gr te^ii*;^ i sr fctf-efeSo -©fc#^ r^mgSTvD 



I Gr= I Sr ( 2 ) 

10 CMOS^ * 0 2 a m^-f-J; 5{CA^«flEViN^^t;^ 

15 3* 0 S#t-*J-r 3 CMO S -f <DMm*M$LJ& I Sr f3> o^© £ 5 ftffiM 



Z' „ , ^ Vthn. 

0, *r 



ID 



VDD'Is»ax L VtHN-Ismax ^ tr^t^ ^ L, 



Isr= < 



(V S p-V™,)-t r (Vsp-Vton)' Vdd Vdd 

VPD-Isnax (VdD-VtHP ) ' Ismax V S P t VpP~ V THP ^ 

( Vsp-Vdd+Vtw ) • t r (Vsp-Vdd+Vthp )' Vdd ~~ V ™> 

, _ Vdd - Vthp + 

0, tS tr 

V - V °° (3) 



V D D«iSItffs VTHN«±n-MOS f7^^^0Lf ^tffi, Vthp^P- 



12 



WO 01/75463 



PCT/JPOl/02910 



A^ft-^-OSfc*>T* s USftttS CMO S ^ ^/^^ ©Illt^f I Sf 



0, 



VDD'IsnBX Vthn' Isaax 

(V DD -V THN -V SP )-tf (Vdd-Vthn -Vsp)* 



Vthn . 
Vdd 

Vthn ^ , , Vdd~Vsp 

— t f <tg— tf 

Vdd Vdd 



Vdd • Isaax (Vdd-Vthp ) ' Ismax Vdd" Vsp + ^ . ^.Vpn-V™ 
— 1 ; — tf < t tr 

( Vthn-Vsp ) • tf (Vthn-Vsp ) Vdd Vdd 



V 



0, 



^ Vdd - Vthn . 
t2s tf 

Vdd 



(4) 



* h CMO S i/^-* <7> W^7fS#j»©#^*Cio«d ^03fe««^ I c 

«\ ffi *flr -^n^ m&mt & v 0 « t (t) * -r 5 £ &5£-c* & ^ *. e> tt s . 



Ic=C 



load 



d vout(t) 
dt 



(5) 



13 



WO 01/75463 PCT/JP01/02910 
#oT, tta£*— KBifiSMtSE I ofi^ HI 2 b td^i-J: 5 fc> Wklk I Sma X 

<tt I smax t A^«HVi N ^f^Sy— bO^-T y ^ ^ ^HfiE Vsp fc/jio 

fc£#-C*>3 0 H! 2 btci^i-J; 5 t-s I G^f-^ £ ft5H$£iJ£HS 

t-itst^i^ri^t'ts. na^— hoja*«eiEjft^ i G <^ 

CMO Sf&g^— h teWfriifriflSMttSE 1 G^feV^T, MM 

15 mm i s ofj-a-j; o tuMt-^m^^mmm i c < ^ - ^ 

20 C 3 S Is £ t>:*:£v^#* iitlWoif-^lj: I ctDf-^ i-tt5„ 35® 

HI 3 a [C^tCMO S£MXIH%tt: x Hll c fC^bfc'f J^— ?%mWtZ4o 
(Gl, G2, G3, G4 ) ^-^fr-lirfc «9 , ^^WGl, G 
25 2, G3, G4 Sr-ttb^PiT/aEixSjflitWSEl Qi, I G2, I gs, I aittiiflf— 

tlffi^TvD ^fjM^tlS. ^(Dtdb. &3ftm&£>ifittttjra$ifc (transient 
power supply current) Jfc^f^ @3c tC^-f £ 5 Kl#l&3ffi^— h Sr^nS ifijft 



14 



WO 01/75463 



PCT/JPOl/02910 



N 

I DDT— ^ \ ^Gn 

n=1 (6) 
<E>prCfc!9, HI 3 a O0iTO£N=4-l?fe5 o Hi 3 b te#f&3g^— h <£>A;ft®JE t 

(-^-r y^^^-r^i^sy- h©tu^^#»j^-i^i-So u^^ot, cmo 

20 So 

25 ^K:*5^«5ij^iSfel*«:tftWr5^i:dST?t* 0 



15 



WO 01/75463 



PCT/JP01/02910 



h/^-yVl, V S %t)07 l ^h^'->'^T = <Vl 1 V 2 > («JE{I^-V1 

5 = {go, gi, g 2 , gm> &ftmk-fZ>b%*nx.Z>o iitfs goii^ 

Pa>A2rt3#ii&T?fc0, gi, 8 2, gntt^PJiO*l^-hGi, G 2 , 

G m ©m^7ff^-efe5o go, gi, — , gm-itt^*P_fc©ai3g'? e 

-hGi, G 2 , Gm^A^ff tHt*tfe5o #flHH&go, gi, — . gm^ffi 
WX&<OftM («JE{5-§-«sVDD/2Sr«tc:^Sl^*I) ^^fr^ti-co, n, 
10 T m ^i-S^, /^P±0#^l^-bGi, G 2 , G m h3S3a£^W t 

gdi, 1< i <m{3\ -ttb-ftb 



gdi <Dfub Ut, 



(7) 



m 





16 



WO 01/75463 



PCT/JPOl/02910 



c: cit% t g di >t yp i-iWsm^f- h Gi (D^f' — hmm*$w<o$m.tiL-i*ib r> , s 
- naiiww fc^o-c. ^^sijs^M tpdtm^m^ssioj; 5 fc^ib 



tpd-tpd, typ + A - y \ (tgdi,typ+di) 



(10) 



^ r. x\ t p d ,typ iz;<* p (Ds<xmmB%m<DMmmT~& t> , a tt^^assiNPiw 

#£3ftlil& (GUT) j&SjEttfciftf^Sfci&teiW:, A^7 2/^£/&£*bfcfB-5§- 
ix^^A^ n 5/^ CLK£<DM#^6>y-*;*p<^;*jij!B#5a tpdfcm 

t p d+Tsu<TcLK — Tskw (11) 



Tskw tt^^^^^ n -yW? o 5/ ^ ^ =^3.— "efc^o ^ n y ^ P?. =3^ — Tskw 

a*±u:£ftbTv^*-efc5 0 ^ (11) ^fft§t, 



17 



WO 01/75463 



PCT/JP01/02910 



t p d<TcLK — Tskw — Tsu=T' (12) 

# a ii3^0#p^ o _b mmx* *> a . 

10. Kff^I^ (513E#I*S:# 5 ) 

^ffl#VouTf-<£<*ft&^ "IftaSfcK" &£CS»fi»i$fcl*^ 0 5 ci^i-J: 
^l-^fJ^ftfclE^L 1 i L2a*gB£UT\El5 d 5 teB^L©--*© 

ft5 "aSSEiifel*" S:^C«»fj»aS:l*i:«>— o^^-T^^SI^tSo 

l, L2) nzmm^hfcK.x^mmmM^^tiib^ 5 *£#*c 

load ©*ft«iSS3 r * fc>*L-nfca# S - 3t©ii[H:HS * tbS»aSfe*Sr^ C5 0 
25 ^ft^U alMlSfePtSr^CSWflfelSfePt-Ctt^ i§fcl^<Z>P«?Mf (L1U2) 



18 



WO 01/75463 



PCT/JP01/02910 



5 mmtiz>#®iz.,b£tz« i o o nm)U'bmmikmtf$>z> 0 ^<Dwmmx*i±^ 

— >-^^Jt = <vi, v 2 >r<3; «91S^:o^^Pi, p 2 , -, Pn#^tt<ffc£*L3 £ 

15 srTijttsi^^Pi, Pnt-i vmm?— v (Dmngte <o , /^Pi , 

xmax=max{xij} , l^i^n, 1 ^ j 

io ' (13) 

20 

T*fcfcx.fett5o Lfc^ot, /^Pl P 2 , p n £:|3tt5'**a!j8Efl#W0> 

25 t pd,max= T max TO (14) 



19 



WO 01/75463 



PCT/JPOl/02910 



Mv idd <D%>\,^c<Dm$mmt'mmirz >0 

5 t PW= X IDD — TO ( 1 5 ) 



10 «5Stefl2$-K5^p<z>5tJ£i^M tpdum^^lS-t-So 

t PW = X IDD "TO < T max T 0 = t pd,max (16) 

t Pw tf s i^^§^MB#lig»-hPMT' J; ►> feff % 

15 

(1 7) 

25 >Bjffi«fel*& 5 , t PW >T / (18) 



20 



WO 01/75463 



PCT/JPOl/02910 



5 r £ k «t t> , \E}&<Dmmmm&Tx ht§r t&x%z> 0 
mtifmzfflfe-tzz. tizx v ^nwL®mz&>i?z>mm&m&Wifti~z>^ t&x 

15 ^b^fe^^ b&X%Z> 0 

20 CMO SUSHUj&Mfe^T, — V^JT = < vi, v 2 >CJ;5It 

©^Pl, P2, Pn* S ^ttib$^5^-rSo '**¥i±.<DXt}frbWL7LX j 

tl^I^f^^yfy^fSlfi^rij ^Pi, P 2 , 

Pn I^V^toi^K^^ iX^^^-r^^S^— hG final O |±J^J]§^<D^J 
T max n 

25 

■cmax=max{xij} , 1 ^ i ^ n, 1 ^ j 

iJ (19) 



21 



WO 01/75463 



PCT/JP01/02910 



McJzlS. t p d ,max » s t ma x t At>M& <dv$M x o <o W © NfM HO PB £: UT o ? 

5 

t pd,max == T max "CO (20) 
10 Jfcjfi^ IDDT O*^-t 0 — ^^fctiSffeT^O^y^NpSO TIDD ^^-f-So tt 
^P^-efcSo i-fc*^. tM«^©^^itlr i DDT<t)£ U «J T max m 

15 ^ttSS^m^tol^EHi^ 

I ' S i DDT ( x max) (21) 

x max 

20 

i DDT(t) < i DDT ( Z max) = I ' , t > X max (22) 



(= Tclk - Tskew- Tsu) (S12) iD/J^</j: tttttffc ftV\, 

25 

t pdjmax = T max — T 0<T' (23) 



22 



WO 01/75463 PCT/JP01/02910 

LfcaSoT,0S&fci&l¥a s ft^i:£ % t=T' + t o> r max&5H#*l t lUSSV^ 
S (22) J; 5 

i ddt (T' + r o) < I ' (2 4) 

5 

i^4t5. i>L, T' + T 0 te*5tt3 iDDT^^tt^ i ' .fcpifct^jfcktf, 

i DDT (T' + T 0 ) >l' = 1 DDT ( T max) (25) 

10 fc&HT, 5£ (2 2) «k «J T' +to dSrmax bfc&V) Z.f£^<DX\ 

T max >T / + to (2 6) 

• ■ t pd,max == T max T O^T 7 (27) 
#oT\ W$MT' +T 0 i^lt5li«IliIiDDT (T' + TO) 3&S I' ±5 

i DDT (T' 4-to) 3*1' J; D/hSv^v^ - ^ttte £ frfc/^* 
311E*fcl¥fclx, i ddt(T' +r 0 )<I' 

mm&mfoQ, iddtCt' +t 0 )>i / (2 8) 

25 &>±(D X o fc> *>5fEJfe©i^}8aln:*3tt5 I ddt ©IftiW&i&fcPtOfti^Hll&a) I 



23 



WO 01/75463 



PCT/JP01/02910 



s^ic, 5% (3) *5«t^ (4) i i9, nmmmi8r&x.&iBt<oi&i«\9i&m 



_ /• 00 _ , IsmaxCVDD-VTHN - VtHP ) 
Qsr=J Isrdt= — 1 

J -°° 2V DD 

(Vdd - Vthn - Vthp ) . 

Qsf— J Isfdt- tf 

J -°° 2V DD 



(2 9), (3 0) 



_ f°° ,. , Ismax(VDD _ VTffiI _ VTHP ) 

Qs=J Isdt= — ti^ti 

2V » (3 1) 



— h ^^tt^tfKa*^ I s (I&^fcttlsf) o^^HtQste, il^hOA 

cmo ^©W^7A#**Cio.d ^©^11^ I c ©BWHKQc 

(5) it) 



24 



WO 01/75463 



PCT/JP01/02910 



/OO /• oo 

Icdt= J C 



load 



dv 0 ut(t) 

dt 



[Vour(t)] ^CloacC VdD — 0 )=CloadVDD 



(3 2) 



bfc^ox. ns^- b zmtizmmnm i m** it* i & ©#j»^MQaf*5«fc 

TJfQa,tt, (1) , (2), (31), (32) it), 



UTV^S 0 S; (3 3) , (3 4) (D^m&lEL^Z. k&t>fr& 0 

HI 3 a ic^fCMO SHM*lIIi&W\ HI 1 c \z.7F\^fz4 #%:iMMK4i 
(Gl, G2, G3, G4) m^t>^ttzi h <DX«&> «9 > #1* i"*— * «rifch,5«ifc 
( I gi, Ig2, Ig3, I G4) fiat^t— o<DW>Mfrb&%&£faZ> 0 ^<Dfcfe N ftfR 
@&3>igtttt&m$fEJ&$ : I ddtJ^ El 3 c (C^i-J; ? h 2r»b.5m 

MOSl't UT*>fcfc>$ix« (5£ (6) ) 0 Ifd^ot, Iddt<^ 
^gQDDT^s #^1^- bSr«tetb5««iE©2»^ffl[QGii ( 1 < n < N) (DJfabX^ 
T5£ (3 5) ~?$>ib£>tStlZ> 0 Nfi^HU^tf^A^^tbfc^^ h^^ — >-m^'J 



Q G f= J" Isrdt 

-co 



Q Gf = f °° (l S f+ Ic )dt= 

— oo 




(3 3). (3 4) 
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/oo /• « 

lDDTdt= J 
-oo 



n=l 



n=l 



n=l 



10 



(3 5) 



ig 3 a Kip vitm-vn, mmmumm i ddt o^^ng q ddt &4 ^;<—?% 

ffithZmWi ( I Gl, lG2, lG3, lG4> <D%MftU (Qgi, QC2, QG3, QgJ 

&mmtf— h%ffitiz>mffi<Dm&mQGn (i<n<N) ra. (33) ^fc« 

S(34) fc^-TJ; 5(-> #^a^- b ^ A#3g^B#P H 1 t Tn ( 1 < n < N) « 
H^;hJfcM1-3r QDDTfcitTn ( 1< n < N) <Dm. ! m&ig&.T*3b1t 7L h 

ih£>o #lxJ^ B3at^LtW"ee, Qddt te^-Y ^^—^ (Gl, G2, G3, 
G4) OAAi^^BI] (tTi. t T2 , txs, t T4 ) £>$I7I£#:«5£ (3 6) -efofc^L 



15 



N 



N 



QDDT= Qcn= 2^ Qsn + Y2a ^ Cn= a n t T n+b 



n=l 



n-1 



n-1 



n-1 



(3 6) 
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7vWfcT*#S o m9 a tc % A^li:^jl6TSfel*Sr<>oCMOS^v^*-^©#aS:^i- 0 

fc:&l£-f-5fir£-*&A' <Dfr^^#EI9 clC^^-J:? toi<fc5 0 £©£^fil 
■g-j&A 7 ©{f^-S^^ratT tt % »f«HSfi:l*<7>g0tS: Repeat <i^*—9<n>Mi\z. 



"tl "tT, typ + 2. 2RopenCin 

(3 7) 



IttfciJ, ^mtT ttWEffiflSO. lVDD^bO. 9 Vdd *"eSr*>±3dS 

B*IW£ bTfc £#)fc„ 2. 2 RopenCinteCia^O. 1V DD W0. 9V DD IC^ 

S^T-O^F-efe 5 loge (0. 9V DD /0. 1 Vdd) X RopenCin tCfc 0 Jft«>fcfl[ 

mm&m&hz t % , cmo sMm&imvmMmmnmfrmQvwr ra^sso 6), 

(37) ii), 5£ (38) -e3fcS:»K ^©^©Qddt tt»flft4fel*Ofifitflfi[Rop«n 



QdDT- a nTTn+b= 



n=l 



a nt n TYP+b 



n-1 



+2. 2akCi n R 



open 



— QDDT, typ+2. 2akCi n Ropen oc Ropen 

(3 8) 
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8) <DfcmM2m<D2. 2akCinRopen fit k # B <Z»T f*— ^©A^lfltili: 

i<5<*PjlCft-t?*>5o (3 8)1^010 td^-TRopen^^j-t-SQDDT <£> 

SEte©^? ~ - ^3 isife&b h—Wcfz> 0 m i o fa, ei 3 ^LfcHJj&M;^ 

10 5 mQDDT,w±AQ©<6iB"ea5»ii-«o A Q tei§}g®2!fm2to^ 

«aS««SSOSf^fli[©JilSffl[QDDT,t W )+ Aq «fc 5 *#v>£: # x ^f$i£^*_Lfc$r^ 
SfcHEasfcS i:iW»f*t"Sr.i:3&S"T?#So "t" Q DDT,typ + A q U) /.h § V - * Q ddt 

fiCMOS^^H]j^^»f^l^^^V>^^^^U, QDDT,typ+A Q <fc«9;*:^Q 
15 ddt ttCMOS*afIlIJi&Jc»fj»Sfel»*s#^E-r-Si^Sr*i-o 

$f$^fcl$ftU QDDT< QDDT,typ + Aq 

$T^1&|SS$> «9 , QDDT > QDDT,typ + A Q (39) 

20 QDDT.typ^^t^AQ^^n-fe^^Uj^il-t-^^^ ^ >>a Zste!£\Z.£ 

aaay— hoy— hasssNM^ tgdtt, (40) {^-r<t o^Atim^m^ 
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tgd tgcLstep"^" _ 12' 



V 



TH 



6 



V 



t T 



DD ) 



(4 0) 



t g d,step tem&mmo<Dx^yzfAtJiz.M-i-&ifrm<Dt£\<u^/*-- *<d 

MMB$ffl~l?foZ>o £fc N V TH (ip-MOS^fc^n-MOSOUtV^iE-e 
h(D7<£}M&£fm&i£ (37) -Cfcfc^Lb^^-^^b, S (40) &£5£ (3 7) 



t gd~~~t gd,step~ 



t T 



tgd, step™ 



=t 



gd, step' 



-tgd, 



step 



1-2- 



TH 



tT,typ~^"2. 2RopenC 



in 



TH 



tT, 



typ 



6 

2* 2Cin 



1-2- 



TH 



1-2 



Vdd j 
Vth 



+ 



2. 2Cfn 



1-2- 



V 



TH 



Vdd J 



V DD J 



Rcmen 00 R 



open lvopen 



R 



open 



(4 1) 
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^^^-e^-f^> 5£ (l 0) fcsfc (4 1) ^r^tAb-C^; (4 2) 2S#£>*b5r £ 



m 



i=l 



m 



2. 2C 



ink 



typ 



i=l 



6 



: "tpd,typ~ 



2. 2Cink 



1-2 



1-2 



Vth 



Vth 



Vdd J 



R 



open 



RoDen^R 



open ivopen 



(4 2) 



gc-TZo mi 2 {2, HI 3 a {£^LfcH}j&K::i3V^T % — & G 2 (DJKJjim-%r%& 

10 I N2lc$rll(&l^fc5i:££\ »flftiSkl*Offi^«[R<^K:^S tpd^-fbS: 

««E<BW$HiQskW\ S (31) K^UtZ (3 7) £tK 
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_ 1 Smax (Vdd~Vthn~Vthp) 

Q Sk- ~ tTk 

2V DD 

Ismax ( VdD^VtHN - VtHp) , . 

V^T.typ"^. 2RopenCink) 



2V DD 

_ Ismax(VDD""VTHN^VTHp) I Smax (Vdd"VtHN"Vthp) 
~~ ~Z7 T "tT.typ"' ~~ 2. 2RopenCink 

^VDD ZVDD 

2. 21 Smax(VDD VtHN~~ VtHp) Cink 
~^ sk > *yP + — Ropen 

^ Vdd 

6) £9, 



N 

Qddt= ^Gn 



n=l 

N N 

r iCn 



n=l n=l 



E 2. 2Ismax(VDD""VTHfT-VTHp)Cink T% v"^ 
Qsn,typ+Qsk,typH — Ropen+ / , Qcn 

ZVdd 



N. N 

open 



E„ r-nr « 2.2 Ismax (VdD~~VtHN VTHp)Cink 
Qsn, ty P + 2_* QcnH — R 

n=l n=l ^VDD 



2. 21 Smax ( VdD VtHN VtHP )C ink _ 
WddT, typ"l — Ropen 

^Vdd 



(4 3) 
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Ufc^SoT, 5t (4 2) *3.fct*5S (4 3) «fc V , WflftSfeWSr fco^"^ P ©alfiE 

i n 2 ^ wasufti* #s>3 1 # jasim*«atosfi9-«QDDT man- a 

5£ (4 3) £ «9 2fc£>fcRopen£5£ (4 2) (4 4) 3^#fe^a. 



10 



"tpd "tpd,typ"^~ 
— t pd,typ" 
= tpd,typ"+ 



2- 2Cink 



6 

2, 2Cink 



1-2 



Vth 



R, 



open 



1-2- 



V 



TH 



DD J 



Vdd — 2 Vth 



31 Smax ( VdD VtHN VtHP ) 



(QDDT*~QDDT,typ)' 2VdD 
2. 21 Smax(VDD VtHN VlHp)Cink 

(QDDT~"QDDT,type) 

(4 4) 



tffS^^SHISrQmax blTZ> 5£ (44) Kl^l^T tpd=T' , Q DDT= Q max £ 

15 *5V^TQmax £t2&#>3£5£ (4 5) £fc3 0 



3Ismax(VDD~VTHN~VTHp), . 
Qmax-QDDT.typ" 1 ~ ~ \L ~tpd,typ ) 

Vdd _ ^Vth (4 5) 



20 <0_h|5gtt-efo^„ Qddt ^ s Qmas «fc 9 /h & V* £ CMO S ^MKHU&fc 
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DDT ffi Qmax !9 <b cf CMO S ^jtflf [l]S&f3L 

aSjgffel**b, Qddt <Q max 

@2£i&l$&!9, Qddt >Q max (4 6) 



10 

«J3E im Sr £31 IbI % © Hi ^7 ft -JHft * -Cfiitt * * -5 & S ^ £> -5 «J£ ft * £ i> v * 
25 h * - £ 9 ^ V A U fc m&X* t> , ifiRttHttfttt # £r % *> V n SB 
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ofic, asmey* v±&jjmz.o^xmw-rz)o mi 4twcMosii 
m$&<D— wist. znm&mm&m&fc. 3o©x^s^ 1 1, 12, 13, 

5 20©HJ^0 1, 0 2, 3o©rtSBfB#/— KN 1 , N2, N3 , 5o£> 
II^K'GI, G2, G3, G4, GSSr^t,, Atliffii^- I 
I^hGl ©A^te&JfcSft^Offl^flOW:/*- KN 1 ^ICTNANDi 
h G 3 (D— -jjtDAtimfc&Wi&tl. Afifib^r 12,13 fiNANDtgy 

— h g 2 <DAjjw\zmM£tb, ^t(omtsm\t ; — kn 2 srii ctii^- k g 3 
10 <Dfa^<DAfimizmi^isth^<DmjjWte/-- kn 3 ^iic-c^ 

— h G 4 COA^J'd'J t NORil^- h G 5 <D--$f<DAJjiffl1tZ-i£Wt&frl^ ^1^- 
b G 5 ©H^OA^lia^ffif I 3 tb, tl^- K G 4 , G 5 0#W 

— hGl, G2, G3, G4, G 5 fi^iScDtt^SS^^^^ ^ HTV^ 
Sr^i"o HI 5O^2^iJtt«W»CM0SftSflHlK©A^iffi-?-I 1, I 2, I 3 

20 1 , N2, N3t4C5ll^U 4 ^££#-7^ W** — ^?IJS:S>fc;t 

«:St.rr-e,Bl5©||2,l3 s f4?!ITOt5M i 0" I "1", "R", 
"F" te> ^tb^s 3tR#n — u^;V(Dm^-< "0" , "0" > (OrtOjfcl 

25 (< "1" , "1" >) „ V^U^jVfab^J l-'^/^OliLlblL&yiS-^ (< 

"0" , l^/va>kin-V^/i^(D:£^T/5 s 9fi^ (< "1" , 

" 0" » £r^i- 0 defeat), h/^ — i/^?iJte 2 otD-x* b^^ — 
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7^h^>-ypjTl= "0 0R" ttl 1, 12, I3=< 
"0 0 0", "0 0 1" >*Mv£-fZ> 0 *9 "0 0 0" "0 0 1 " te^ft 

^tbT* hs<?*~ isx*%> v , "ooo", "o o i " (Dm-i.'r^ hs<#— i/^m 

hd s^ bTVN§ ^^ S: ^jg,j i - sr i .- 6ST , #?(o #|*Lfc£, Ell 

(DWamWM&TF-f £ 5 l«iCMO Sii^^O^I^^- hG2, G 3 , G 
4, G5(d^^5/^^^1!,^^^C, (m-Wm N2, N3 & 

15 iCJilllMfOl, O 2fd5S^fs^-^^C5o bfd^ 0 -r s il^-hG2 ( G 
3, G4, G 5 <Db^^jfa,fi^Ziijfc$$.fi$fe%E-f- & <fc > T ^ hs*&- — >"^?!JT 2 ^ & 

G3 , G4, G5'©SfeSeSrtttil-C#« 0 bfc^o-c, h^7-^jT2 
l/-i/ay[Cj;!3GT2= {G2, G3 , G4, G5} t*»5rtmS. 

25 ^fcf, 01 4i^timiCMOSii!l|^TX f/^-^jT2, T4, 
£r^bfc^-£*<Sr#;i5 0 01 5 (d^-Ti&l^v'^ I. — »K 
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? — ^mP}T2, T4, T 6 t ioTfttilRrfilftftPttta^ 1 - t*fc 
■fcx Wlify^ ^tl^ft. GT2={G2, G3, G4, G5} , GT 

4= {G2} , GT 6 = {G2, G3, G4} T?fc5<£>-C> ti^ ^fbS^cPtf^S 
btt N iSfe»1»my ^ hGT 2, GT4, G T 6 O^ilSSf, i" 
5 GT 2 , GT4, G T 6 <D^^-g"T?& b t> bfc^oT, 

GT2nGT4DGT6={G2} (47) 

&mmm&— m^g 2-e&5 fcaur-e^s,, 

GT2= {G2, G3. G4, G5} *mm (3£2piSfel¥flBBr JJ * M it, ft* 

15 bGT2lriSt5 0 

{G2, G3, G4, G5} 
o€\Z,1&&&NmffiV X bGT 2 frfc&mWffiV ^ hGT6 

20 K^Hfz^&mnm (gi, gs> srgim-rs. ^-e, ^tmnmov* 

{G 2, G 3, G4} 

25 

kteZo ol!5GT2 f©GT6 ^-tttv^Si^tfcr ii^j:5 0 HUH 
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T4= {Gl, G3, G4, G5} «r8UK*1-3o mm&mmm V * h it, 
{G2} 

i 4^^-r^^cMos^^iHij^{C7 i ^ hs<?— is-gknT io^ 
ferret %T&mmmm>ffi&mi%$:7j<v,Tx h^^—^m^ir 6 srfcfc^fct # 

io «9> -r^ h^^— ^^ijt i o, t 6^x^x^-pim^m^m^f— h 

<DM&, -r&fc>*p> &mffiffi}) * hit, ^ttl^tl, GT 1 0 = .{Gl, G3, G 
4} , GT 6 = {G2, G3, G4} X"h%> 0 :it\ H&ffim V * h G T 6 K 

* h gt i o ft<DWsm?— h <D\,^irfrifrx*3b y ,&mmmv * ^gt 6 rtonaa 

l o tS^-GTe^M^^^Trfc^^^tt, 

GT10fl~GT6= {Gl, G3, G4} fl {Gl, G5} = {Gl} 

(48) 

20 

£9> iS^^il^- MSG 1 -e&S 5„ Jiffif^MIW:, afc»«Br y ;* h 

GT 1 O^fe^fcHEfllBBf y * h G T 6 te^jfrSjEttttSfS: 80 5 f£2fc £ $MB5 
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II, 12, I 3 N 2o©ttJ^JB-7-0 1, 02. Soroia^hGl, G2, 
5 G3, G4, G5l:t*), 1 2 ©fitl&L 1 , L 2, — , L12lrto 0 r^T\ 

m&&fcnAmxi8&&b&tt%><Db\s,&i&vizm&fan*ti?tiwi* ©fit 

H£ bfc„ £fc, (UMf»Lll, L12TO^>777G6, G7fc^^ 

tiTV^S ^O^-f"6 0 -o^ A^J^^f- I lttfi-JH&L israc-c^r^— ^»3ffi 
^hGlOA^lM^n. AM^ I 2, I 3 tt-fcft^jMM-i&L 2, L 
10 3, L 4 ^ICTNANDia^- h G 2 ©A^illfcil^tl^l^- b G 1 , 
G 2 (D&mjjMfeim-^'BL 6, L 7 SraiCTNANDtta^— bG3©A*fflt 
SUK^H, l&a^— bG3(0ffi^B0f±fi#i»L 8, L 9 ^rofi tT-1' — ^BraS! 
<7*— hG4©A*Wi:, fi-JN&L 8, LI O^ICTNORil^- hG5 © 

15 {|fiL3, L5*iCTSS(Sl$il, »l^-hG4©ffl^fllfifiti»Ll 1 % 

/^y77G6 SriiCTffi^^O 1 t^c^tuSM^— bG 5 0t±J^l{il«fit 

h G 1 ~G 5 $3 £Z$mtls<y7 T G 6 , G 7 O^-flKSift^tt^ii©* 

(D— m&mi 7(c^i- 0 ®i 7ic*5v>T, fgimnT* h^^-^^^joiso^ 

Sr^-To Ell 7©^2^»±WlfeCMOS^3ttIlII&OA^if» J 3 L I 1, 12, 13 
m*>fe*.*A^fi-f-Sr^U N ^3^iJtt#7 l JX b^^ — ^?ij£rfcfc;tfc £ 
^CMO S^^(eIg§©fs-§-^L 1 , L2, L 1 2*<:3£C<5'ff-§-2r:^U, f|4 

Ol, O 2K:£C£{t-55-2r^-ro CI SI 7©f 2, ^3, W Z> 

fifO", "1", "R", "F" Jt^^fln^n — V^</KOfi-§-< "0", 
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" o - > « >^©g i mm^mm^-i^^ ui 2 mmitmrnm^m^'r) , 

3?H#^ l^/KDff-§- (< "1" , "1" » , n — l^/l^£>W W<jV^(D 
AL^-h^ <9f§# (< "0" , "1" >) , W«/H&>e>a — W</U^(D±ibT 
tf*>m* (< "l" , "0" >) §r^i- e ^ofcfe, frrx bs*fi~--y&wn2 
•o<DTXh'*# — ^1>*hte*)s b'*# — >%k&lT 1 = "0OR" fc£ 

I1I2I3 =<"0 0 0", "0 0 1" >£Se#c1-5 0 El 7<DM5Zm, 

xb'<*— zs&m&ib 1tz.1t t£ mmmmmm^ t v ^ tti «rfie^(Sfe 

MOSii@^©|ffiL2, L7, L8, L9, L10, L 1 1 iZX^C 

^ b«^tCMO SiiHI^Cil^ h G 2, G3,G4 *5 
J:U ! [il^y77G6|^^ yfV^CSJflL 1 y^lsjfft 
4C4^*»L 1 0 ^it5^1^-l>G5 te*^ y^^aS£CfcV\, 
UfcaSoT, flHN&L 2, L7, L8, L9, L 1 1 (D\/^^frlfi^ZLl&.&jLftfe%E~$~ 

SMBdKMfeKlJ: 19 ^ ft-§-^L 2, L7, L8, L9, Lll <£>i&^ 3„ 
5 a. W-v/ 3 ytJ; 9 LT 6 = {L 2, L7, L8, L9, Lll} b$:£>Z> £ 
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5 fctfs HI 1 6 C/Ttt^CMO S^flSHIKH:^^ h'** — i^^JT 1 , T2, 

&7r:Vt£Wi&&miZ> 0 iSfeWEV^ a u-iXH ^o^* (017) J; «9 s 
^^y^iJTi, T2, T4tc:ioT«ltbRri!6*iSfel*flr#lft©i6^ -f-fc:fc>t>s 

*fep*«Bff y ^ h mm^m^m^um-^m) it. tti^ti, lti= {L3, l 

10 5, L12} , LT2={L3, L4, L 5 , L7, L8, L9, L10, LI 
1, L12} , LT4= {L3, L4} -?foZ><DT\ #6S**LSafcl*flr#j»«:, 
i^LTl, LT2, LT4©5»^-efcej^$ttS 0 i~ 

LT 1 n LT 2 n LT4 = {L 3 } (49) 

15 

2 = { L 3 , L4, L5, L7, L8, L9, L10, Lll, L12} 3rS2p 

immtkmmv * »o t u ^itM^ mt i^iflt 4^^tt^v> 

{L3, L4, L5, L7, L8, L9, L10, Lll, L12} 
{Ll, L2, L4, L6, L7, L8, L9, L10, Lll} &ffl$£-i~Z) 0 

25 i¥&m&m<DVxhft&mfti5m&'LTi<Dmm'& (-LTi^t) 

■C&feJb&tbSo Lfc^oT, *3pj5fctt«M !J * L4, L7, L8, L9, 

lio, l 1 1 &nm-tz>ztiz.j:^x, 
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{ L 3 , L 5, L 1 2} 

5 .TfeW£fl50ff~ L T 4 = { L 1 , L2, L5, L6, L7, L8, L9, LIO, L 
11, LI 2} ^IlJ^-TSo £i*i&fc!it«3r P * h W\ 

{L3} 

T 1 0 «r V3jS?!U T 6 *3 .fct^T 1 2 ZlEmTx h'** — ^5R#f 

15 £P?.£ 0 akPt^* a I/— ->-h >-tf>i(ji*.fc y> % h^^ — ^3B#|T 1 0, T 6, 
Tl 2\tL&<>X&m-zS1&f£lfrmm-£rU<DM&, l^l$@Bfy ^ htt/* 

ft^tK L T 1 0 = { L 1 , L6, L8, L9, Lll}, LT6={L2, L 
7, L8, L9, Lll}, LT12={L1} -CfeSo 4fcP»ffiBf P * 

HT6^ilFLTl 2lC^**L5«[|»tt3fSrjE*1Bl9fi:Hg l ^:o •ffcib'fc, &ft 

*i»f4 % I^LTl 0 k*LT 6(DffiM& (~LT6= {LI, L3, L4, L5, 
L6, LIO, L 1 2} ) , LT12 (~ L T 1 2 = {L2, L3, L 

4, L5, L6, L7, L8, L9, LIO, Lll, L12}) (O^M^^tb 
25 bt>£1n s 

LT 1 0 n~LT 6 n~LT 1 2 = {L 6 } (50) 
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1 0^kMf@£»T V * HT6$3j;t>'LTl 2 te^TfcftSjEftflnir&lllll&t-S 

10 

o£ <9 h#WIv^^ a u— e/g ^T*«, HI 1 4 fc^ufc^Mjc 

^^Ih]^o#^(c:«, ^^-^m^Jf^U mi 5 {c^bfc J; 5 m# 

20 <I1, Nl, N3, Ol >©®-§\ 5: ^ — V a ^<D3Sg*<0|atft^«^ 

7^ h^^ — >-^^IJT 9 Hl^-U^ I 13SR, Nl^F, N3£SR, Ol^F 

FIT 10, Til l^fC^ I 1^R X Nl^F, N3^»SR > Ol V , 

25 tfe>*;*< II, Nl, N3, Ol M^l^ bs*#— V^^IJT 9, T10, 

Tll^rSiU Xte 1 ^;* f^i? — V3R?!!T 9 , T10, T 1 1 (D^t^fLKM 
U 1, Nl, N3, 0 1>lrltt5 e LT#J;U*r*JgBff -JHfc 
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hs<*-i/mmzMv. mi 7 f^u/cj; 5 #a^/^, ^rt^t^- 

#til7J^^^t5c £^XMz-l$m-%-teMs<X7!)$< I 3, L3, L5, 
L12, O 2 >(D#-£\ ili/^a U— v'a ^©^^OffiH^®;^^ 7^ 
5 ^ — ^^^IJT 1 {d^fb, I 3tfSR, L 3#R, L 5#R % L 1 2tf*F % 0 236*F 

T2lC»LTt)I 3^R, L3^R, L5^R, L12^F, 02^FT"fe!), 

I 3, L3, L5, LI 2, O 2 >tMt, h^^-^^ljT 1, 

10 T2lrliU ^ftT^b/^-^jTl, T 2 LT^^ < I 3 , L3, 
L5, LI 2, O 2 >3r-€;ft-eftSft'?-3o «fe«y ^ h 

5fe©-ettJ&< . ai&wrei i 6 K^\^tz.^mwmkm&(D < 1 1, ni>, ait 

ttHl 6(C^Uyh^^«HI{6&(D< I 1, LI, LexoiJfcWASftT? 

•So 

4K7jk^m&m.cMo smmmmz^r * h/<#— vss^t 9, t i 0 ^hf-x.tc 

— ^^?1JT 9 <Z> i&I^SFf y * Mi< II, N 1 , N3, Ol >, < I 1 , N 
1,N3, O 2 >T?fc <9 h^* — V^^IJT 1 0<DfomnffiV X hfc< I 1, 
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ni, N3, o i >-?&5o zfribm&mnffiy * h t P<?>&mmm< ii.ni, 
N3, o i >&mmm-%rfcm'*xbmm£tLZ>o 

< I 1 , N 1 , N3, 01>, < I 1 , Nl, N3, 02>i»?>, — 
5 ^?IJT 1 O <Di&|^@Bf y * h < I 1 , Nl, N3, O 1 > &31*a ^tb&V^i&I^M 
ffi (W&WWft) < I 3, 02>, < I 3, N2, N3, 01>, < I 3, N2, 
N3, 02>, <I2, N2, N3, O 1 >, <I 1, Nl, N3, 02>3rB& 
*U Hoft<Il, Nl, N3, Ol >SrSfel*fl|-^JR>'^i:«lfet-5o 

^fc^^ h^^— ^^^ijt 9 fc«-u-cfijfl««as«aEass^sr^ufc* s . , 7 ! -^ 

5„ ftSri^Dfc"^* h^-y^JT9©tifMy^ b< I 1, 

Nl, N3, 01>, < I 1 , Nl, N3, 02 >^fe, jEfiftffoo fcT 1 ^ 
* — ^3fS3*JT 1 0CD$fe|^®^fy ;* b< I 1, Nl, N3, Ol > 3ri§iJ|& LT< I 
1, Nl, N3, O 2 >&tMfiS*'*xk&fe't : S>o. 

£ ©3fcl*#*f $e* 1 0 0^|fe^^#:^liI{^DUT^A^«^{-2o^_h 
20 A^l 0 1 ^.JifB-^^ W** — V36^&A;fcLfcfc£fc»&^SJilBW* 

^tMtui d u t c^ii^m^«SE sr so ^ u > .hiBifiiftmanwfctf* ft fir 

d^^Sr»fei-«iatt««««E«:»*l 0 2 t > JbtB#&^¥t*#£ttlEl8&DU 

ToiaagmaRWtffiasftflrsr^-f"**©^^ h/^-y^j^LT*5<if 
^^ib«*i o 3 ±mm^m^mi^mmm^DUT(DT^mm t mmm 

IBlftS&l 0 4 fc % ±fBftHr^^ — V^eit*l 0 3*3j;t^_hiaiE^^ — 
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:x£rfT&v\_LiS-7 i .x bs**~- ^Pik %:<DT* b'*? — V3R#[teTtftfcH £*l<5 

3fci*m£iBj?rtf> y * b&fE&-rz>tkmftffi!) * h^^sii o 5 t,±&&mmm 
v * b±&&i 0 5^b#btbfe 1 sk±<D&mms£mm v * b&hk\z±&& 
nm^m^mmm^i)UTp^u<D^mmm^m^'r^mmm^^i 0 6 1 

bs<* — >'%kmA£>1&l 0 1 tt % ^l^i^^/i'- ^~^£^-ck<^ 
U &&|51&SIilftlfc£g1E (ATE) <T) — \y — $ % foS^liy^ 

10 ifi&ttasmfttttttfe (^vi^i) 

UTicl^?rMt5tl2 0 1 i,^;* >-^JiJA;ft£§ 1 0 1 j5S^U 

15 mnm$ti&mjE& 2 o 2 £ , 3»®^m«^$j;&§§ 2021^0 -casi^* 
§ai^B#rai¥#^2 0 3 , asagi^MWflfi* 2 0 3a>&»&nfc3BMi$ra&iJE^ 

tfHiSfcJfctfcU o^Os* (1 8) <Dmj£%ft\<\ SkWE©W*HSr*3fei-5SfeRttfem 

20 iH 201tt^i S^bflHRT? t i V > U Mm®& § ft^^e (ATE) 
(D^u^f^M nTlg jfe -t 5 ^ W ^ MM (programable power supply.PPS) T? & «£ V ^ 
U MO^^fea^^TffeiVNo fcfcU tl.2 0 1 mtt««EJcS«iSift3g 

ftfc©^a*ii, 1120 1 «^^-r ^DUTOiHafi^gag-r^^^^* bv\ 
i&ss^ttMtit^ai^ 202 «^T^i&^§ j; 5 i-m 2 2 }£^-r<t 5 
25 tsiitttsu S2 

o •£ 5 E 2 2 $nsifl*««««Ejft^JBaS* 2 0 2 
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8R2 o i t v ij rm^mz fr^mm 9 ^ ^<Di£fr v (DmR(Dm<k%:mm 

(ATE) (75-5*^^>fif7?*)oTt> £V\, 

@23 it^m^mmmxmm $H5®siit«fi^2 o 2 <z>fttj& 

<Dtffi,C>#!l3:^UTV^ 0 rcDii^*^«^^ffiU^^2 0 2 b fcfc, fciK^^fc 
ittMfc:#A3*ufc.*>r 01^^ 5/^4 o l ^t^i@i|DUT©ti 

=x^^4 0 2©««R|llKDUTffi!l«>«B : 0*ffi^bv (t) trMfe-? 
5»iJ^4 0 3 t, i£^$i5&§£4 0 3fc£oTjffl5££*Lfc«JBE«9gv (t) 
«rJ#IW»#?-5&^##«&4 0 4 fc«fcoT#*/££nTV^„ *HMfc|aIffrDU 
T^lttiWtt3yT>'t4 0 2^fo*mifelHlKDUTfc«teniitf*WS % 't- 

20 **3t>iaat«aR«ift iddt rau =»v^yt4o 2<£>^*<s:c£ u = 1/7*1/^4 

0 2©t^t®^DUTi)©^©iff^v (t) tt54, 



_ dv(t) 

Iddt-~C- 



dt (5 1) 



25 b$>biz>&tlZ> 0 Lfc^ 0 -C % =a^7*>"^4 0 2<^«JE3g^v (t) &R#ITO[# 
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5 H^mig g SbKife^lK (ATE) tf^v^-f if-rfc £v\, WLW4kft%k4 

3S®B*IIOff tifrg 2 0 3Xtfi$fel**fttii#2 0 4I*xn— K^adT-r*«^br^ct 

10 ofi^ <pffl&maraftMttMg 1 02a &Qzm i^x^m^M^t^oum^ 

lifi^r^LTV^o-T 1 ^ h/^-y^iJA^l 0 1 fit^^yi/s 0 1 fc*5^T\ 
t^i^D U T 5rMbt 5 b'<* — ^mn^Atl-f-^o XTv? 5 0 2 
tcjjs^T, ifi&ttM3lttK?g8l&8f 2 0 2#s tl^tt^MDUT©!! 

0 3te:m^T.ji3Ei#MWfa«§2 0 3*s,«[K|ft^^©31iENpraS:^865*:«>ic % 

T&mmsLnm!LMmfe&2 o 2^j:o-c?ii^^tLfcii^mMm^»^iDDT^ 
5S^B#ffiM^2 o 3 taottfe btitiT&mnMnffi,$im i ddt o^/v^ 

fcL£:4i£\ ^7^5 0 5tC*5V^ "i&^fc*?" £2N0fU Jt:t!E©3»S**SiSfe|» 
0#tti^#^r^fc$^V> t PW <T / O^,^.^ >y^5 0 6 KLjoV^"®^.^" 

--t% ti2o i«. ¥mfcmm\Ei®n,m<Dmmtp. -r&t>%* 5 

25 01, 502, 503, 504, 505, 5 0 6 ©^^Tfcfrfc !) % 

v^ij^A^-rs^^y^5 o i t*T&&nmnm&i&&mfe'tzx j ry 
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io o^j^l^?, 0 ^ (DT&mn.mMmmm$5 1 0 2bn ^f*®^#£Mfc;i*iiis& 

Sfl&RSHtt i ddt ( t ) SrJB03e-t-Sja««ilS(««EI»l*fii[3B!lS« 6 02h 

m*«B#«j^ 6 0 2i:io tjbj^ § *Ltc.mmmmmm& i ddt ( t ) srge^ 

z>o T^mmMmmmmimmm 60 21^026 m^-t- ± 5 fc#j&-t-s ^ t -e 
i5u 02 7^-r«t5Jc, mm-rz>z.thx%z> 0 &mkm&6 0 3^ ^ 

20 HI 2 6 $tb53B««aR««E»^?B!l3£«6 0 2 <DM 

j&<D— ^!)^^UTV>S 0 ^<Z>]fijftm«%mffSli^6 0 2 ate, El 2 2 \^ 

u/tia«fliaR««Eaft^aife* 202 ■*» ©afejgauts 302 coft 0 mmm? ^ 
301 i9^m$tufc«jE#:^ao^-rsay^7 0 2#t>%i^;h/r»j5fc;* 

25 rZ-CfeJ^U a»ISISSgttK^ig« (ATE) (D^v^-flfTf^ £V\, 

HI 2 7tt*^K©^lfe^^4fe^SH5jattm««t«»l*ffiiB!l3e#6 0 2©f 

j£oftiio#g<i:3T;u-cv^o ^ ©itisiiw^fti^ 6 0 2 b ra. Hi 2 3 k 
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^vtc.mmnmmm^m^2 02b *(D&mmi£m4 0 3 tmm^4 

0 4<DttVlZ > =i>y s >"y-4 0 2©«^|ftlElKDUT{Bfl©«B^F©«BEjR3^v ( t ) 
^DUT ^mm^m<D ^7* Vi^ 4 0 2 tb®mm\E\&r> U T {C^^jAtP 

5 fiP*>iasE«as*«EiDDT ^; (51) fcrassjc 



dv (t) 

Iddt— _ C 



dt (5 2) 

10 t i£*5tt 5 fl#Wt*5H£&*!IJ£-r 5 - £ tc «t t> ^ »H!S&DU T ^ to^ai^S 
aS««E©IBNPfii[ i dot (t) Sr*ae>S^i:dST?#*o - «JEfe?gv (t) 
t fc*5»tSI»l*«^ffiSr*«> Sit W:, ^ (5 3) ^-^£5^ B#M t 



dv (t) 

dt 



v (x+A t)~ v (t) 

t=X At (53) 



^-v'n^=i-7 P -e^«t < N ft9f|H8|gffi^^1K (ATE) O^v^-flf 

o^jc r (OiBMMemMi 02b vx*m#m&mK<D&9k& 
25 fir* 5 ^(DWiff^mm-r^o 2 8 tt*»w©5a«fliai*?«ttift^fe«>«!!3a# 
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i/foffih,&&mmmMmu<Dfoz>®t.fe(DmM x te&ttsmsMe i ddt ( x ) srai 

0 3K:*5VVC\ Sfel*4jim#6 0 3 3S, 6 0 2 

10 Tnxax It 5 fl^ft^OASHft I ' (= i DDT ( X max) ) t jfc« U Jfc«E©3te 

**s«:l*©«lffl^#iDDT U) >I' *^y:/9 0 4fc:38^ 

tmr £*u»ru i£i&<D&&ifi&m(o&m$ki\rt:mtitste^ i DD T co 
< i' <Dm&, 9 o 5^*5vnt "sfeMt^u" tmmi^x. mm&mT-t 

So 

15 ^^-e, iM2oifi N iitH^^a^^ sp*>^ ^rs'7 B 9oi > 90 

2, 9 0 3, 9 0 4, 9 0 5<Dlr^Xtet>1t9 * tiL&fkm&nUTfc&JfcZtllt 
SJBE, 09*.W\ 3. 3 V3rSl-#y&LTV^ 0 7^ h'«* — ^?r]£A^ 

tS^Ty^QOli, ifi*«jR«ifc©IBNP'ttSra!l^-S^'5 t s'7'9 0 2 tt % t£ 
tfliWfcifrfcfrftS. £ ia»maR*i«©IBl^li[S:jH!lJ&-r5^^y7 p 9 0 2 

25 mmmmmmnm . 
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qddt &mm-tzmmmMmffim£rm&mmi o o 2 mmmmmmm^mm 

5 'D^m&ikfe'tzlkmWilti^i 003^ (c:J:oT^$tL-rv>So m2K2 0 1 

1 0 0 2^ i3 0t/TfJ;5t> 0 1 3 0 2 t > 

1 0 3 fi^ritt'tsu H3i f-^-r<£ 5 

yf40U, =>'7 f >"^4 0 2^ aiJfcS&l 2 0 3^ T*i^t5r,!;t)tf 
10 5„ 1 0 0 3^ /n- K^^T-C*J^UT^«tV^U. y7h>?x7t 

03 oitt&W(Dmmfflv&m£tizmmmwMmmftm.mfemi 0020 

#I«0-«S:*LTV>5 C £<Z>jB«««m^fft$MtM£#l 0 0 2 aft 022 

\^^tcm&bmm^mffi,±^-y- 3 0 i^a:«9^m^tufc«ffi^^^^sij^ 

15 S3 0 2 «9S9Jfe*^ 1 0 2^«toTS'J^^tufcm 

ti% 0 i i o 3 fi N K#*T-?fltafeu-cfc «tv*u V7 ^iT 

HI 3 ltt^K©^lfeM^ttffl$^Sia*««««E|(f^dli[W&*l 0 0 2© 

20 Mj$<Dm<vM&^vx^z 0 z.<Dmmnmnffim&mmm$si o o 2 b«\ m2 

3lC^Ufc»^iK«fc^*lHllSDUT^afi*^ffi«Oi#=i^^4 0 2 



I DDT" ~"C 



dv(t) 
dt 



25 



(5 4) 
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Joo 
iDDTdt 
— oo 



°° "^T^dt = -C[v(t)]~ = C[v(-oo> v (oo)] 

—00 (S+ — 00 

. (55) 



5 fc&So rit, v (-00) *5,fa?v (00) ^ti^n=L^7?^-y-4 0 20m 

ffiO^^ftlMfi&^-f-o BP*>, feSm^roi^^ttS^^xVl^ 02© 

T4r»tb5jg*«ag««ft©j«^fl|[QDDT msrtms, r^T% 
^4 0 2©«JEE<0#J»Hi£v (-») f±*m»^^©A^J'ft-S-j»tC^-gT»^S^ 

10 bSttjtff^PJ^b, =yfyf4 0 2(DijE©Mf v (00) _l© 

■r^x&mmt?— h&*>c s^f^u ««*«fc#iM:***«E (iddq ) fi££ 
^ofcit^^s'j^-r s i ^ &m%. uv\ fcfc u iit^^ 1 ddq mtizz>f$M 
*mi£-rz>z. ^ttffln-efesfcfe, =>^t4 0 2©iff©tisiiv (00) « 

15 V\> rtL&lffiv (-00) , v (00) 3rS|j£-*-5«!l5£«l 2 0 3 tt, fi?#A'< 

e) o-7^*-r-r-e%<fcv^ 

20 JlE£r^b-C^3 0 7^ h^^ — ^^^!IA^3^1 0 1 ^^y^l 3 0 1 ^*5Vn 

1302 t*3v^-r s ;&&mMft»£Httiii&8gi 002^, m»>e>$tf^ii]s& 

Qddt 2r$!)5£i-5„ i-T'Tii s A*3»»01ff«tr<0«»38al t (-«>) 2»b 
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m%m\B\&7!)$-t'fr&j£-rz>i%M x («o 5. mm^. ^Tvzfi 303 
k:*5^t\ &istt&m&i 003^ mmmBLnmn*&m9M£®i 0 0 2K±ot 

*«)6)ttfeaaiK«ag««E©a^«QDDT 2r5S (3 9) Jc^i-J; 5 ItlSESoffi (Q 

DDT.typ+A Q ) fcJfc«EU it^<D^m^^0^tii^#QDDT>QDDT,typ+ AqItI 

5 fcbfcahg\ ^^5/^1 3 0 4k::fc^T "iSfefiEfc?)" £¥U»rU Jtlfeo^^^ 

|SSO^/±}^#^^fC$^V^QDDT<QDDT,typ+ Aq©I^, XT ?> "7 1 3 0 5^*5 

V^T "ScHEftU" £*U»fbT, ^a^^T-TSo 112 0 1 «u 

&f*|e!l&£«ft<Z>*Q.atf , % IP%> ^•7"^7 P 1 3 0 1 , 1302, 1303, 130 

4, i 3 o 5 (D-fs<x\z.*>tiV) . m%wiiBmz.-m7£t$titin)£, mz.ti!* 3. 3 
mmmmmmm^m^i o o 2icm^x,m^mT / nmmmw&nm 

&«#U ^T^^QdDT ^tfQmax o£ *> 5£ (4 6) 

20 

o^}:, HI 2 0 bfc#|l*##f$Sfil 10 0 ^^ffi LT¥J*#&5»!il*&©i5fcl**P 

^bTV^o t^^ — ^^JA^fll 0 1 & % 7Ty^l 4 0 1 fc&V^-C, 
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^140 2K&^T^ mmmmm.ffi.nmmi o mM^fe^^iaijiSDUT 

tCte^TfSo Off:, llfe^W^Sl OOtt, ^7^1 4 0 6Cl:JoV^ _h|B 
^^1401, 1402, 1403, 1404, 1 4 0 5 £rjfe •? U #l3g £*L 

o^{c N ^^y^i 4 0 n^m^x^ &mmm v * o 5^ 

»tftttjRriB«@f3r*«)«c offfc:, lSfeW1Bi^f*fl3£« 1 0 ^^5,^1 4 0 8 

^^^ffllttT?*>5i&^*s*>5. «l^iSfc(*tSf^f©#:^^.j*i o^-e& 
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Ifittl 0 011^7^14 1 0Jd*3V^T, -hlEja«^^ — ^3R2?!I|B1ft#l 0 
"f-Sfcfctf. ^f^l 4 0 7, 1 4 0 8 Sr|fc«9 3gU #Jf3g£*LTl^V^^ h 

3^JA;^1 0 1 5 0 1 {C&^T, fe 6> ^ C&JES $ -h/fc^* > 

- b h - l o3fc# U ttttttHI&D U T fc a# 

Mi«£§l 0 2^^^iH$tb2) 0 o^jc; ^y^l 5 0 2&c3oV>T, il^^M 

ma^ai^u wsfeiHig&DUT&MH-So offm, itintm^i 0 

2(t 77-^1 5 0 3fc::j8VvT\ ]g&ttm?ffittgfc0£r:&£rftp«r U 

20 ft&WMStlteib^lttebtZs **T1/~?\ 5 0 5{£:}o^T, f^^ibV^fc^^ 
o^Kl, ^7^1 50 6 iCfc^T. tilMP^ b&jfcSl 0 5 35 % Jtffiii 

—>-^Misi»if 1 0 4 ^jffc^fcT 1 ;* h^^— >-^iKM^m^mv h 

25 Sr^-fS, o^fc: % *|*1BOf*il&« 1 0 ^fy^l 5 0 7 (C*5^T. 1& 
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-hfr-C&V^#, l^^*ff^ei 0 0 XT>y7l 5 0 9 frC^T, _L!2-7^ 

1501, 1502, 1503, 1504, 1505, 1506, 1507, 1 
5 0 8 %#9i£U MkMZtlX^^^^TX h'<# — ^3W#£b#V^£>fc£ N 
^S^iH-T-f-^o :-T% J^y^l 5 0 2 oi&^m^«^f£f^ HI 2 4, jH 
2 8 X IH3 2m^i s *Ui>>lo(£>;fr&£rJlV^C: b&X%% 0 3 4^bfc 

io i^^w^-fe^^its^^y^i 5 o 7 x~(Di&mMffi<Dmj£te,ifcfc&^fcm® 

15 ei 3 5 ttt&momiMfflxtizm ztizukm^mm^ 1 o 6 (Dmmco—m^ 
^t^5 0 ^ (D&mmm 1 0 6ait ^^->-a^jfeti^i 0 3t 

&mmmv * h&mmi o 5T*^^tu/iii^:(D^mBif v * h&&m'tz>& 
mmffiv * mb«#i 601 t^tfrmffiffivx mbh^i 6 o l^famziitcm. 

l 6 0 2 K J;otM$^^TV^5 0 ilfcHEffiM P * MB««i 6 0iit 

ummmm%sx*h^\ &m&.w&mmfe&i 6 0 2it K>)x7T*t 
25 ^^jibh^ 104 zmmxz *„ 
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oft;:, yi 7 o 2fc*5VNT, iSfei^mMy ^ N^fifesi o 5 

5 SfcWEflSEf y * hSr^fifc-TSo -o^tz:, ^xy^l 7 0 3 te:*5i>"T\ 

Ffy* H^fifcs&i o 5 mj;oT^$tbfcSki*iBi0f y * hz&mmmv * me 

Ifcgil 6 0 1 (^L, »#lt5. ^ry^l 7 0 4 m^T, _hfB^ 

fljf^^ — V5R?iJflB«»l 0 3 {C^S^tbTV^V^^;* h-** — ^ 

10 bWT, ^7J/7"1 7 0 1 , 1 7 0 2, 1 7 0 3£i»DSU Jaa^ftT'l^frV^ 

^T^no 5h:*3v>t, *aisfei»iBiFf*i3t5i i 6 0 2^ N ±mi&mmm 

15 5/^1 4 0 7, 1 4 0 8*5«tTJ?|g3 4©^7S'^1 5 0 6, 1 5 0 7^ftii 

in 3 7 i-i^mm<Dmmmx^m ztizi&mnmmMm 1 o 6 ©#^<ote©«i 

«r**LTV^5„ £ ©l5M?«Br*liJ£$& 1 06btt, — V3fc#IlBflfc83l 0 3 

mm&mmmv * mbismsi s o i ^>_bi5^^^-^^^jiBit^i o 3 

jfft**ifc*J(SSfi:Wt«Sry^ h&fifetcfcfcv^ftTt^;* h/^-^^m^^I 

fcafei*«Bry * h*fc^T % *JMfci*tfn^y* mb«*i 8 0 uzLMtmztut 
m (#&mmm) ^nm-r^^mmmmmmi s 0 2 Kx^xmrn^t^x 

V^5, S^tfcHttt^f y * MB«#1 8 0 111 Kf-f^^^^Doj; 5* 
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T?f So 

5 oft, ±lBi§fcl*ttj3r#t5fe8S 10 6b £<£J1 UTi|ft|*tt3ro4f fefcfrfc o Wr& 
(DWii'E&WLW-tZo HI 3 8 tt*^W»c*5ttSlSfcl*1BiM«IS*«feO«!!S^JISSr^U 
X\^Z> 0 te\^m^^ t ry'7l 9 0 1 id joV^si&KM/fr y * MfeJifcB 1 0 5 
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